Background: Mechanistic studies suggest that 3-hydroxy-3-methylglutaryl CoA inhibitors (statins) reduce the risk of breast cancer. Observational studies offer mixed results. Methods: To evaluate the relation between statin use and breast cancer risk, we conducted a cohort study among women ages 45 to 89 years within an integrated health care delivery system. Information on statin use and covariates were obtained from automated databases. We identified breast cancer cases through the Surveillance, Epidemiology, and End Results registry. We used Cox proportional hazards models to estimate the hazard ratios (HR) and 95% confidence intervals (95% CI) for invasive breast cancer among statin users compared with nonusers. Results: Among 92,788 women studied from 1990 to 2004, median follow-up time was 6.4 years, and 2,707 breast cancer cases were identified. During the study period, 7.4%
Introduction
3-Hydroxy-3-methylglutaryl CoA inhibitors (statins) are a therapeutic class of drugs that reduce plasma cholesterol levels and are used to manage and prevent coronary heart disease (1) . Statin use has increased dramatically in the past decade and is likely to continue rising. Statins are currently the most widely prescribed lipid-lowering agents on the U.S. pharmaceutical market; five of the six statins on the market were among the top 200 prescribed drugs for 2004 (2) .
Although an early review of studies in rodents (3) and at least two clinical trials of pravastatin raised concerns that statins may have carcinogenic properties (4, 5) , a growing body of mechanistic studies suggest statins may in fact have chemopreventive potential against cancer (6, 7) . Statins seem to induce apoptosis and reduce cell invasiveness in various cell lines (7) , including mammary carcinoma (8) (9) (10) (11) (12) .
Epidemiologic studies that report on statin use and breast cancer risk are varied and report no effect on risk and both increases and decreases in risk (13) (14) (15) (16) (17) (18) (19) (20) (21) . To assess the association between statin use and breast cancer risk, we conducted a cohort study within a large integrated health care delivery system that contains computerized information on medication use, incident cancers, and risk factors for breast cancer.
Materials and Methods
Study Population. We conducted a dynamic, retrospective cohort study among women enrolled in Group Health (GH), a non -profit-integrated delivery system that provides comprehensive health care on a prepaid basis to f550,000 individuals throughout the western Washington State. GH Institutional Review Board approved the study.
Women were included in the study if they met all the following criteria: (a) between the age of 45 to 89 years during the study period of January 1, 1990 to July 31, 2004; continuously enrolled in GH's integrated group practice for at least 2 years during the study period; (c) residing in 1 of 13 counties covered by the Surveillance, Epidemiology, and End Results cancer registry; (d) no prior history of any type of breast cancer as identified in the Surveillance, Epidemiology, and End Results registry and the self-administered Breast Cancer Screening Program risk survey; and (e) no prior preventive mastectomy or breast conserving surgery.
Data Collection. We used automated health plan data to ascertain information on medication use and potential confounders. Information on health plan enrollment and health care utilization, including medication use, diagnoses, and procedures, are recorded and maintained in GH automated databases that can be linked by a unique consumer number assigned to each enrollee (22) . GH automated pharmacy data are considered a complete source of medication use, and it is estimated that GH enrollees obtain about 97% of their medications at GH pharmacies (23, 24) . Computer linkage between active GH enrollees and the western Washington Surveillance, Epidemiology, and End Results registry provides complete ascertainment of cancer cases (25) . Similarly, the Washington State Death records for active GH enrollees are regularly obtained (26) .
GH has a Breast Cancer Screening Program (BCSP) that women are invited to join when they turn 40 years old or when they enroll in GH after 40 years of age (27) . Women participating in the BCSP complete breast cancer risk factor questionnaires at program enrollment, and this information is updated at the time of each mammogram. Approximately 86% of women complete the questionnaires, and the data are available in automated databases (25) . We collected risk factor data from the survey closest in time to entry into the study (median time interval between survey and study entry was 1.3 years). However, data are missing on a proportion of subjects partly because risk factor questions were added to the survey over the course of the study period (e.g., questions on race was added in 1993 and on education was added in 1996).
Statin Use. We used automated pharmacy data to identify all statins (atorvastatin, cerivastatin, lovastatin, fluvastatin, pravastatin, simvastatin, and rosuvastatin) dispensed at GHowned pharmacies during the study period. For each statin dispensing, we estimated the date when the pills should have run out (run-out date) based on quantity dispensed and instructions for use. A new run-out date was set with each successive dispensing. A 60-day lag period between the runout date of one dispensing and fill date of the successive dispensing was used to define continuous use. Periods of continuous use were summed for total duration of use.
We defined statin users as women with at least two dispensings for a statin within any 6-month period and who used statins for at least 1 year. Nonusers included women with no or one dispensing for a statin or less than 1 year of statin use. We considered women a current user if statins were used within the previous 12 months and a past user if statins were used >12 months before. Among statin users, we calculated the cumulative lengths of statin use. Cumulative duration of statin use was categorized as 1 to 2.9, 3 to 4.9, and z5 years. Statin use was further classified as hydrophobic-only users (lovastatin, simvastatin, fluvastatin, atorvastatin, and cerivastatin) or hydrophilic only users (pravastatin and rosuvastatin). We were unable to evaluate dose because there were few highdose statin users.
Breast Cancer. We identified all incident, invasive breast cancer cases (N = 2,707) from the Surveillance, Epidemiology, and End Results registry. Only invasive breast cancer cases were included.
Covariates. The majority of information on risk factors for breast cancer was self-reported and determined from the BCSP survey completed at a time closest to the beginning of study period: weight, height, race, education, parity, menopausal status, and family history of breast cancer.
We used GH outpatient, inpatient, laboratory, pharmacy, and administrative data to identify other possible confounders. We defined diabetics as women with at least one of the following: (a) z2 fills for a medication used to treat diabetes (e.g., sulfonylureas and insulin), (b) a fasting glucose >125 mg/dL confirmed by a second out-of-range test within 1 year, (c) a random glucose >200 mg/dL also confirmed by a second test within 1 year, or (d) a hospital discharge of diabetes at any time during GH enrollment (28) . Hormone therapy use was defined as z2 dispensings for systemic estrogen (oral or transdermal), either alone or in combination with progestin. Other lipid lowering drug use was defined as z2 dispensings for bile acid sequestrants, niacin, or fibrates.
Statistical Analysis. Follow-up of the study cohort extended from January 1, 1991 or 1 year after enrollment in GH if later than January 1, 1990 until the earliest of the following: diagnosis of an incident invasive breast cancer, 90 years of age, death, disenrollment from GH, preventive mastectomy, or the end of the study period (July 31, 2004) . We used Cox proportional hazards models to examine the association between statin use and risk of incident invasive breast cancer (29) . In separate subgroup analyses, we evaluated estrogen receptor -positive (ER + ) and ER-negative (ER À ) tumors. Statin use was modeled as a time-varying exposure, and women were allowed to transition from being nonusers to users or from nonusers to current users to past users over time. For analyses of statin type, women were censored once they began using a different type of statin (hydrophobic or hydrophilic). Final models were adjusted for age at the beginning of the study period, hormone therapy use (estrogen only user, estrogen and progestin user, or nonuser), diabetes (yes or no), and other lipid-lowering drug use (yes or no), which were time-varying covariates, and body mass index, which was based on weight and height information obtained from the BCSP survey. We used a cubic smoothing spline with five and three knots to model age and body mass index, respectively. Cubic-smoothing splines provide a flexible approach for modeling the nonlinear relationship between cancer risk and these important covariates to more completely adjust for confounding (30) . We tested for the difference in the effects of statin use on breast cancer risk between hormone therapy users and nonusers by including an interaction of statin use with hormone therapy use. The proportional hazard assumption was evaluated in all models by testing for the interaction of statin use with follow-up time. The assumption was met in all models (data not shown). Analyses were done using the SAS statistical package, version 9.1 (Cary, NC).
In a subgroup of women who were enrolled in GHC for at least 5 years during the study period (January 1, 1990 to July 31, 2004), we evaluated the relation between duration of statin use (1-2.9, 3-4.9, and z5 years) and breast cancer risk. Followup began on January 1, 1995 or 5 years after enrollment in GH if enrollment occurred after January 1, 1990. Women who died or developed invasive breast cancer during the first 5 years of the study period were excluded.
In sensitivity analyses, we only considered the true nonusers of statins in the comparison group by excluding women with either one dispensing for a statin or use of less than 1 year. We also adjusted for regular mammography screening in the models, which was defined as having at least one screening mammogram every 3 years among the subgroup of women enrolled in GH for at least 5 years during the study period.
Results
Among 92,788 women, the median duration of follow-up was 6.4 years (range, 2 days to 13.6 years); 7.4% of women used statins for at least a year during the study period. The prevalence of statin use gradually climbed from 0.2% in 1990 to 18.3% in first half of 2004 (Fig. 1) , and the median cumulative duration of statin use during the study period was 3.1 years (range, 1-14.5 years). Lovastatin and simvastatin were the most commonly used statins overall, but specific statin use varied throughout the study period due to changes in the GH drug formulary (Fig. 2) .
Characteristics of the cohort by statin use and breast cancer status are described in Tables 1 and 2 . Statin users were older, less educated, had a higher body mass index, and more likely to be parous and perimenopausal/postmenopausal at the beginning of the study than nonusers (Table 1 ). There were a higher proportion of Caucasians, diabetics, hormone therapy users, and other lipid-lowering medication users among statin users than nonusers. Among women who were enrolled in GH for at least 5 years during the study period, a higher proportion of statin users (78.4%) than nonusers (70.1%) had at least one screening mammogram in the 3 years before end of follow-up (P < 0.0001). Statin users were less likely to have missing BCSP survey data on risk factors such as education, race, and family history of breast cancer than nonusers.
Breast cancer cases were older and more likely to be perimenopausal/postmenopausal and Caucasian than diseasefree women (Table 2) In sensitivity analyses where only the true nonusers of statin were included in the comparison group, the results remained the same. Additional adjustment for regular mammography screening did not alter our findings. The interaction between statin use and hormone therapy use was tested in all models, 
Discussion
This population-based cohort study does not suggest an association between statin use and breast cancer risk. Overall, we found no significant difference in breast cancer risk by ever use, current use, duration of use, or use of hydrophobic statins compared with nonusers. We did find a suggestive increased risk of breast cancer among statin users of z5 years and a suggestive increased risk of ER À tumors with increasing duration of statin use compared with nonusers. However, confidence intervals included 1.0, and the findings were limited by a small number of exposed cases. We are unaware of any biological mechanisms to support an increased risk of ER À tumors with statin use; no difference was seen in the other one study that evaluated type of breast cancer tumor in relation to statin use (21) .
This was the first large cohort study conducted in an integrated practice setting where women receive almost all their care within the system and where information on breast cancer risk factors is available. Other strengths of the study include the stability of the population over time, extensive and unbiased data on medication use and covariates, and reliable data on cancer incidence. Our large population-based cohort shows the dramatic increase in statin use among women over the past decade.
Although we found no association between statin use and breast cancer risk, it remains plausible that statins reduce breast cancer risk. The mechanistic data are relatively strong and suggest that statins inhibit cancer cell growth and lead to apoptotic cell death through their inhibition of the mevalonate pathway, although other mechanisms have also been suggested (6) . Many products of the mevalonate pathway are necessary for critical cellular functions such as membrane integrity, cell signaling, protein synthesis, and cell cycle progression (6, 7) . Disruptions of these processes in neoplastic cells by statins may result in control of tumor initiation, growth, and metastasis (7). Our study and others (15, 19, 21) suggest that experimental models may not apply to humans, but there may be reasons for not observing an association in our study, such as residual confounding, use of hormone therapy by the majority of statin users (54%), and a relatively short average duration of statin use.
Our results are similar to at least two other recently published large cohort studies (19, 21) and one small casecontrol study (15) that report no overall association between statin use and breast cancer risk. However, one of these large cohort studies by Cauley et al. found that statin use was associated with an 18% lower risk of breast cancer when statin use was limited to hydrophobic statin users among women enrolled in the Women's Health Initiative (21) . Other observational studies have reported sometimes large reductions in the risk of breast cancer (30-72%) associated with use of statins (16, 18, 20) . Cauley et al. also report no association between statin use and breast cancer risk among users of estrogen plus progestin or among never/past hormone therapy user but a nonstatistically significant reduced risk (22%) among users of estrogen alone. Our study and the study by Cauley et al. were not powered to evaluate an interaction between hormone therapy use and statins on breast cancer risk; therefore, findings may be due to chance.
There are several limitations in our study. First, our study subjects are from a single health care system in the western Washington State and may not be representative of other populations. Second, we cannot rule out exposure misclassification. Subjects who fill prescriptions but do not subsequently take the medication may be misclassified as users. Additionally, pharmacy utilization is only captured for enrollees who fill prescriptions at GH pharmacies and for enrollees with a drug benefit through GH who fill prescriptions at contracting pharmacies. Therefore, subjects who fill prescriptions at non-GH pharmacies may be erroneously classified as nonusers. However, misclassification of medication use is relatively unlikely because previous GH studies have found that GH enrollees obtain 97% of their medications at GH pharmacies (23, 24) , and we required z2 dispensings and a year of use to be considered a statin user. We did not have information on medication use before enrollment in GH. Any bias resulting from classifying a user as a nonuser would bias our findings towards the null. Third, BCSP survey data were disproportionately missing for nonstatin users compared with statin users and for disease-free women compared with breast cancer cases. Although these risk factors were not included in the multivariable-adjusted models, the differential missing data indicate a difference in screening practice by statin use and disease status. Lastly, residual confounding is always possible in observational studies. We lacked information on potential confounders such as diet and level of physical activity, and women prescribed and adherent to statins may differ from nonusers by factors not measured in this study.
In conclusion, our study and others indicate that statins are safe in relation to breast cancer risk, but any chemopreventive effect in humans remains to be established. Researchers have hypothesized hydrophobic statins to have antiproliferative effects on breast cancer cells (31, 32) and hydrophilic statins to promote cancer (33) . We were unable to evaluate hydrophilic statin use due to the small number of hydrophilic only statin users in our cohort. Further evaluations of longer durations of statin use by type of statins (hydrophobic and hydrophilic) in relation to breast cancer risk are warranted. The effects of statins on cancer are not completely understood. The National Cancer Institute recently funded two phase II trials of (a) statin use and colorectal cancer risk among patients with an increased risk of colorectal cancer and (b) the effect of statin use on precancerous changes in atypical nevi, which are a precursor for melanoma (34) . These trials are likely to be useful in disentangling the complex relation between statins and cancer. Clinical trials of the effects of statins on breast cancer risk and biological end points, such as breast density, have been suggested but are not supported by our study findings (31, 32, 35, 36) .
